Diabetes is a lifestyle disease, and its prevention is extremely important in addition to the development of a treatment. Low glycemic index (GI) food inhibits the rapid increase in blood glucose or insulin secretion after consuming a meal.
Several studies have reported the high-resistant-starch rice, 1, 2) or high-amylose and high-dietary-fiber rice 3) developed by physical or chemical mutation. Indigestible dextrin (ID) 4) has been confirmed by both animal and clinical studies to have such physiological roles as regulating of the functions of the intestines, moderating the postprandial blood glucose level, lowering serum lipid, and reducting of body fat. 5) Ae mutants have been developed by Nishi et al. 6) through chemical mutation (the MNU treatment) at Kyushu University in Japan. Ae mutants lack starch branching enzyme (BE) IIb which lowers the number of short-chain glucans (a degree of polymerization is <17) and induces an elevated gelatinization temperature. 6) The glycemic effect of foods depends on numerous factors such as the amylose and amylopectin structure. 5) The amylopectin of ae mutants has more long-chain glucans, making the texture of the rice grains very hard and non-sticky after cooking rendering it unpalatable as cooked rice. 7) The gelatinization temperatures of ae mutant rice starches are thus very high. EM10, in particular, is promising as a material for such low-GI foods as bread and noodles 8, 9) to prevent diabetes, because it contains a substantial amount of resistant starch even after boiling. 7) Furthermore, the batter made from EM10 rice flour absorbed less oil during frying when compared with that made from wheat flour and other types of rice flour. 10) Pre-roasting before boiling ae mutant rice has been shown to be effective in maintaining a high resistant starch content and lowered degree of gelatinization. 11) Miso is made by fermenting soy beans with salt and koji. Koji is formed from such cultured grains as rice, barley, and soy beans. Miso has, for many centuries, contributed to the health of Japanese people, as an important nutritional component, because of the high proportion of protein, vitamins, minerals, and dietary fibers. Momose et al. showed the controlling effects on the postprandial blood glucose level of various types of miso, in preventing diabetes, and some types of miso have been proposed as having the power to reduce GI. 12) Miura et al. have demonstrated that the brown pigment of miso (melanoidin) exerted an adverse effect on the -amylase activity in human saliva. 13) Soybeans, which have long-been utilized as a nutritive food, have also been reported to have several polyphenolic compounds that exerted an antioxidative effect. 14) Esaki et al. have isolated and identified the potent antioxidants (8-hydroxydaidzein, 8-hydroxygenistein, and 6-hydroxydaidzein) in fermented soybeans. 15, 16) Arai et al. have demonstrated that the -amylase in a miso suspension was relatively stable at high temperatures: i.e., active up to 75 C at a 10%-15% miso concentration, up to 80 C at 40%, up to 85 C at 50%-60%, and up to 90 C at 80%. 17) We investigated, in the present study, the effects of soaking in a 5% barley-koji miso suspension before cooking on the physical properties and bio-functional properties of cooked super-hard rice. We hoped to develop a novel method to improve the texture of cooked rice grains and to maintain the high resistant starch and dietary fiber of cooked rice, enriched with polyphenols and isoflavones from miso. Although these ae mutants are unsuitable as table rice because of their low palatability, they would be suitable as bio-functional food such as low GI food.
Materials and Methods
Materials. Super-hard rice cultivars (Oryza sativa L.; EM10, EM72, EM129, EM145, EM174, and EM189) were cultivated in the experimental field of Kyushu University in 2011. High-quality premium rice, Koshihikari, and another ae mutant cultivar, Hokurikukona243go, were cultivated in the experimental field of Hokuriku Research Center of the Central Agricultural Research Center of Niigata in 2011. All the rice samples were stored at 4 C before the experiments.
Preparation of the miso samples. Commercial miso samples (two types of barley-koji miso, 13 types of rice-koji miso, and one type of soybean-koji miso) were purchased from the local market in Niigata prefecture.
-Amylase activity. The activity of -amylase in the milled rice flour samples was determined by using an enzyme kit (Megazyme Wicklow, Ireland). To measure the -amylase activity, rice flour (1.5 g) was extracted for 20 min with 1 mL of an extraction buffer at pH 5.4 and 40 C, after which the extract was centrifuged for 10 min at 1000 Â g. The extract solution (0.1 mL) and substrate (0.1 mL) were pre-incubated at 40 C for 5 min. Each solution was then incubated at 40 C for exactly 20 min, before addition of stopping reagent (1.5 mL). The absorbance was measured at 400 nm.
Measurement of the polyphenol content. The polyphenol content of boiled milled rice was determined by the Folin-Ciocalteu method. 18) In the case of the boiled rice flour, samples were prepared by pulverization after lyophilization. The polyphenol content was measured by extracting the rice flour sample (0.1 g) by shaking with 4 mL of 80% ethyl alcohol at room temperature for 30 min, and then centrifuging for 10 min at 3000 Â g. To the supernatant (1 mL) was added the same volume of a Folin-Ciocalteu solution (1 mL) and mixed and incubated at room temperature for 3 min, before adding 5 mL of sodium carbonate and incubating at 50 C for 5 min. The sample solution was finally cooled and allowed to stand for 1 h at 10 C. The absorbance was measured at 765 nm, gallic acid (0.1 mg/mL) being used for calibration.
Measurement of the DPPH radical scavenging capacity. The antioxidative activity of boiled milled rice was assessed as outlined in the procedure of Suda et al. 19) In the case of the boiled rice, the flour sample was prepared by pulverization after lyophilization. The antioxidative activity was measured after extracting the rice flour samples (0.1 g) by shaking with 2 mL of 60% ethyl alcohol at room temperature for 30 min and then centrifuging for 10 min at 3000 Â g. The supernatant (0.5 mL) and 0.5 mL of buffer A (0.4 mM DPPH (2,2-dipheny1-1-picrylhydrazyl: 0.2 M MES (2-(N-morpholino) ethanesulfonic acid at pH 6.0): 20% ethyl alcohol ¼1:1:1) were mixed at room temperature for 20 min in a dark room and another extraction solution (0.5 mL) and 0.5 mL of buffer B (99.5% ethyl alcohol: 0.2 M MES at pH 6.0): 20% ethyl alcohol ¼ 1:1:1) were mixed at room temperature for 20 min in a dark room. The absorbance was measured at 520 nm. Trolox (0.042 mM) was used for calibration. The absorbance corresponding to the DPPH radical scavenging capacity was calculated as the difference between A (the absorbance in the case of buffer A) and B (the absorbance in the case of buffer B).
Preparation of the rice samples. Brown rice was polished by an experimental friction-type rice milling machine (Yamamotoseisakusyo Co., Yamagata, Japan) to a milling yield of 90-91%. Rice flour for chemical analyses and for evaluating the pasting properties was prepared by an SFC-S1 cyclone mill (Udy, Fort Collins, CO, USA) with a screen of 1 mm-diameter pores.
Amylose content. The amylose content of the milled rice was measured by the iodine colorimetric method of Juliano. 20) Type III potato amylose (Sigma Chemical Co, St. Louis, MO, USA) and waxy rice starch (prepared by removing the fat and proteins from waxy rice) were used as standard amylose and standard amylopectin for the amylose determination. In the case of the boiled rice flour, samples were prepared by pulverization after lyophilization.
Moisture absorption index (MAI). The weight of a micro tube (Wt) and that of the flour sample (Ws, 0.1 g of dry matter) were accurately measured at 25 C, before adding 5 mL of distilled water. After soaking the flour samples for 3 min and centrifuging at 3000 Â g for 5 min, the clear supernatant was removed, and the weight of the micro tube and contents was measured (Wts). The moisture absorption index (MAI) was calculated as, MAI ¼ ðWts À Wt À WsÞ=Ws.
21)
Preparation of the rice samples by soaking in a barley-koji miso suspension. Milled rice samples were soaked in a 5% barley-koji miso suspension for 5 h (MRSM) at 18 C. After soaking in that miso suspension, the excess water was drained from the rice grains through a stainless-steel mesh for 12 h at room temperature, before the grains were dried at room temperature.
In the case of the rice flour samples, the dried rice grains after soaking in the barley miso suspension were pulverized by an SFC-S1 cyclone mill (Udy, Fort Collins, CO, USA) with a screen of 1 mmdiameter pores after lyophilization. These flour samples were used for measuring the amylose, -amylase, moisture absorption index, and pasting properties.
Protein content. The nitrogen content was determined by an FP-528 nitrogen analyzer (Leco, USA) based on the modified Dumas combustion method. The protein content was obtained from the nitrogen content by multiplying with a nitrogen-protein conversion factor of 5.95 even for MRSM.
Measurement of the physical properties of the cooked rice grains. As control samples, rice grains (10 g) were added to 16 g (1.6 times, w/w) of distilled water in an aluminum cup, and another set of rice grain samples (10 g) were added to 16 g of the 5% barley-koji miso suspension in an aluminum cup. After soaking for 5 h, the samples were boiled in an SR-SW182 electric rice cooker (National, Japan). The cooked rice samples were kept in the vessel for 2 h at 25 C and then used for measurements.
As a preliminary experiment to determine the most suitable conditions for soaking rice grains in the miso suspension, the physical properties of boiled rice grains were measured by the continuous progressive compression method (CPC) with a My Boy System Tensipresser (Taketomo Electric Co., Tokyo, Japan) according to the method described in our previous paper.
11)
The hardness and stickiness of the cooked rice grains were measured for individual grains with the Tensipresser by the continuous progressive compression method (CPC method) and low compression (25%)-high compression (90%) tests (LC-HC method). 22) We used the following parameters for the physical properties of the cooked rice grains, H1 for surface hardness, H2 for overall hardness, ÀH1 for surface stickiness, ÀH2 for overall stickiness, L3 for surface adhesion, A1 for hardness in the low-compression test, A3 for adhesiveness in the low-compression test, A4 for hardness in the highcompression test, A6 for adhesiveness in the high-compression test, ''balance H1'' for the ratio of stickiness to hardness of the surface layer of the cooked rice grains, ÀH1/H1, ''balance H2'' for the ratio of stickiness to hardness of the overall layer of cooked rice grains, ÀH2/ H2, ''balance A1'' for the ratio of adhesiveness to hardness of the surface layer of the cooked rice grains, A3/A1, and ''balance A2'' for the ratio of adhesiveness to hardness of the overall layer of the cooked rice grains, A6/A4. The average of each parameter was calculated by measuring 20 individual grains.
Measurement of the dietary fiber. The dietary fiber content in the samples was measured according to the AOAC method, using a total dietary fiber assay kit (Megazyme, Wicklow, Ireland). Each sample (1 g) was digested by -amylase, protease, and amyloglucosidase, added to 95% ethyl alcohol, and then filtered to collect a deposit, whose protein and ash components were determined. The total dietary fiber was calculated by subtracting the protein and ash from the total weight of the deposit.
Measurement of the isoflavone content. The isoflavone component of the boiled rice grains after soaking in the 5% barley-koji miso suspension was measured by HPLC. A rice flour sample (1.0 g) was extracted by shaking with 25 mL of 70% ethyl alcohol at room temperature for 30 min and then centrifuging for 10 min at 3000 Â g. The supernatant was kept and the residues was added to 25 mL of 70% ethyl alcohol, before being extracted again by shaking at room temperature for 30 min and centrifuging for 10 min at 3000 Â g, the former and the latter supernatants were then put together and filled up to 100 mL. This solution was passed through a 0.45 mm membrane filter. The HPLC conditions were as follows: column, Inertsil ODS-SP (5 mm, 250 Â 4:6 mm I.D. GL Sciences); eluent A, 0.1% acetic acid in water; eluent B, 0.1% acetic acid in acetonitrile; a linear gradient of A to B in 45 min; flow rate, 1.5 mL/min; column temperature, 35 C; detector, PDA at 254 nm; injection volume,10 mL.
Measurement of calorific content. The calorific content of a sample was calculated according to the Atwater method 23) multiplying by a conversion factor into calories of proteins (Â4 kcal/g), lipids (Â9 kcal/g), and carbohydrates (Â4 kcal/g), and calculating the sum total.
SDS PAGE. The proteins were extracted from milled rice, MRSM, boiled milled rice, and boiled MRSM. Each rice flour sample (0.5 g) was extracted by shaking with 2 mL of buffer A (50 mM Tris-HCl at pH 6.8, 2% SDS, and 5% 2-mercaptoethanol) at 37 C for 30 min and then centrifuging for 5 min at 3000 Â g. The supernatant (1 mL) was diluted with the same volume of the sample buffer (1 mL; 0.125 M Tris-HCl at pH 6.8, 10% 2-mercaptoethanol, 4% SDS, 10% sucrose, and 0.004% bromophenol blue) and mixed well. The solution was then heated for 2 min at 100 C. A total amount of 10 mg of the extracted proteins was loaded into each lane. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was conducted with 12% polyacrylamide gel according to the modified method of Laemmli.
24)
Measurement of pasting properties of the rice flour samples. The pasting properties of the rice flour samples were measured with a Super 4 rapid-visco-analyzer (New-port Scientific, Warriewood, Australia). A programmed heating and cooling cycle was followed as outlined in the procedure of Toyoshima et al.
25)
Measurement of the glucose content. To the rice flour sample (0.1 g) was added 1 mL of 60% ethyl alcohol, and glucose was extracted from the mixture by rotation at 20 C for 1 h. In the case of the boiled rice flour, sample was prepared by pulverization after lyophilization. The solution was centrifuged (1500 Â g, 15 min), and the supernatant was used as a sample solution for measurement. The glucose content in the sample solution was measured by the enzyme assay method of NADPH with a glucose assay kit (Roche, Darmstadt, Germany).
Measurement of resistant starch. The resistant starch in the samples was measured according to the AOAC method by a resistant starch assay kit (Megazyme, Wicklow, Ireland). Each sample (100 mg) was digested by pancreatin and amyloglucosidase at 37 C for 6 h, and the glucose content was measured by a spectrophotometer at 510 nm. In the case of the boiled rice flour, sample were prepared by pulverization after lyophilization.
Measurement of L-Glutamic acid. The L-glutamic acid content was measured by an F-kit (Roche Diagnostics, Mannheim, Germany). Each sample (1 g) was extracted by shaking with distilled water (1 mL) for 30 min at room temperature. The L-glutamic acid content in the sample was measured as the generation of formazan according to manufacturer's manual. The absorbance was measured at 510 nm to reduce interference by the miso color.
Statistical analyses. All the results, including the significance of regression coefficients, were subjected to a statistical analysis by the t-test and one-way ANOVA according to the method of Tukey provided in Excel Statistics (ver. 2006, Microsoft Corporation, Tokyo, Japan). Table 1 ). The types of koji, yeast, and maturing period seemed to affect the -amylase activities of the 16 kinds of miso samples. It seems that one type of rice-koji miso (for example, Shinshu miso) was heated for pasteurization. Correlation is significant at 5% by the method of Tukey. Same letter means not significantly different (p < 0:05).
Results and Discussion
Polyphenol content of the various types of miso Table 1 shows that the polyphenol content of various types of miso was high, soybean miso, Haccho miso in particular (555.70 mg/100 g), having the highest content, while Saikyo rice miso (77.60 mg/100 g) had the lowest content. These results suggest that the polyphenol content of miso was affected by the maturation period and the melanoidin (a brown and polymeric pigment) content. We propose that the high polyphenol content was derived from the barley-koji miso suspension, because various types of miso contained a high proportion of polyphenols.
DPPH radical scavenging activities of various types of miso Table 1 shows the high DPPH radical scavenging capacity of the various types of miso. Rice miso, Echigo miso, in particular (6.58 mg/100 g, No. 9 in Table 1 ), had the highest capacity, whereas, light-brown-miso, (4.20 mg/100 g, No. 3 in Table 1 ) and Saikyo miso (4.27 mg/100 g) had low capacity. Takeuchi et al. 14) have reported that miso contained such types of antioxidant, as saponin, isoflavone, melanoidin, tocopherol (vitamin E), peptide, 8-hydroxydaidzein, 8-hydroxygenistein, and 2,3-dihydroxybenzoate dehydrogenase. Nevertheless, the proportions of materials and the degree of fermentation of the various types of miso were highly diversified, their anti-oxidant content presumably being derived from the soybean.
We selected barley-koji miso as a suspension, in which rice was soaked, among the various types of miso because it showed the highest -amylase activity. We chose No. 2 miso because it had a higher amount of polyphenol than No. 1 as shown in Table 1 .
Change in physical properties of cooked rice grains soaked in the miso suspension Rice grains of EM10 were soaked for different times (2 h, 5 h, or 12 h) at different concentrations of the barleykoji miso suspension (2.5% or 5.0%) before cooking. The physical properties (toughness) of the boiled rice grains were measured by a CPC test with the Tensipresser (Fig. 1) . The results indicate that, compared with A (cooked milled rice EM10 after soaking in water for 2 h), the toughness was decreased by 33% in the case of B (cooking after soaking in the 2.5% barley-koji miso suspension for 2 h), and notably that the toughness was decreased by 60% in the case of C (boiling after soaking in the 5.0% barley-koji miso suspension for 2 h). Compared with the toughness of D (cooked after soaking in water for 5 h), the toughness was decreased by 55% in the case of E (cooked after soaking in the 2.5% barleykoji miso suspension for 5 h) while the toughness was decreased by 52% in the case of F. When compared with G (cooked after soaking in water for 12 h), the respective toughness was decreased by 58% and 51% in the cases of H and I (cooked after soaking in the 2.5% or 5.0% barleykoji miso suspension for 12 h). Arai et al. have reported that the -amylase in a miso suspension was relatively stable at higher temperatures. 17) We therefore selected the regime of soaking in the 5% barley-koji miso suspension for 5 h as the most effective strategy for the rapid and stable softening effect on boiled rice grains and on enrichment of the bio-functional component from the miso suspension. A, Cooked milled EM10 rice after soaking in water for 2 h. B, Cooked milled EM10 rice after soaking in a 2.5% barley-koji miso suspension for 2 h. C, Cooked milled EM10 rice after soaking in a 5.0% barley-koji miso suspension for 2 h. D, Cooked milled EM10 rice after soaking in water for 5 h. E, Cooked milled EM10 rice after soaking in a 2.5% barley-koji miso suspension for 5 h. F, Cooked milled EM10 rice after soaking in a 5.0% barley-koji miso suspension for 5 h. G, Cooked milled EM10 rice after soaking in water for 12 h. H, Cooked milled EM10 rice after soaking in a 2.5% barley-koji miso suspension for 12 h. I, Cooked milled EM10 rice after soaking in a 5.0% barley-koji miso suspension for 12 h.
Apparent amylose content
Same letters indicate no significant difference (p > 0:05).
(20.2%) and EM129 (23.2%) showed an intermediate value, whereas the apparent amylose content of Koshihikari (15.6%) was very low. Among the ae mutants, the amylose content of milled rice was decreased from 4% to 30% by soaking in the 5% barley-koji miso suspension for 5 h, with Koshihikari in particular showing the highest decrease in amylose content (48%) in Table 2 . Amylose is a non-branched -1,4-glucan, which is one of the components of rice starch, and greatly affects the quality and gelatinization properties of cooked rice. 26) Low-amylose rice generally becomes soft and sticky upon cooking, whereas highamylose rice becomes hard with the fluffy grains separated.
27) The starch of low-amylose rice is not easily retrogradted, as reported by Takami et al. 26) Among the components, increasing the amylose content of the starch has decreased the expansion rate of rice crackers, as reported by Yamada et al. 28) In the novel ae mutant rice strains, the apparent amylose content was decreased by soaking in the 5% barley-koji miso suspension for 5 h. Compared with the ae rice cultivars, Koshihikari had a more decreased amylose content by soaking in the miso suspension as shown in Table 2 . The reason for this would be that the amylopectin in Koshihikari consisted of shorter chains than the ae rice cultivars, leading to easy attack by -amylase in the miso suspension. (Table 2 ).
Moisture absorption index (MAI)
-Amylase activity of the rice grains Among the milled rice samples of the ae mutants, the -amylase activity was 0.04-0.16 (CU/g), which was 4-16 times that found in Koshihikari [0.01 (CU/g)].
Among the ae mutants, the -amylase activity of milled rice was increased 3.6-14.5 times by soaking in the 5% barley-koji miso suspension for 5 h, Koshihikari in particular demonstrating the greatest increase of 62 times ( Table 2) .
The ae mutant cultivars all had very high -amylase activities, EM10 in particular showing the highest activity. The low dormancy of the ae mutant rice cultivars would be the reason for such high -amylase activity. As -amylase is only localized in the outer layer of the rice grain, 29) it did not markedly affect the molecular structure of starch and physical properties of the cooked rice grain.
The increase of -amylase activity was positively correlated with the increase in MAI (r ¼ 0:85, data is not shown in the Table) at the level of 1%. -Amylase is an enzyme that cleaves the -1,4-D-glucosidic linkages in starch molecules. It appears that -amylase, derived mainly from the barley-koji miso, decomposed the -1,4-D-glucosidic linkages in the starch molecules. Kitadume et al. have shown that the MAIs of chalky rice grains were higher than those of ordinary rice grains. 30) We believe that the increased -amylase activity was caused by the miso suspension, because the -amylase activity of barley-koji miso was very high.
We have presented in Table 2 the correlation between the decrease in amylose content and the -amylase activity of rice, which suggests that the amylose content was negatively correlated with the increase in -amylase activity (r ¼ À0:80) at the probability level of 5%. We believe that the decrease in amylose content was caused by the barley-koji miso suspension, because theamylase activity of barley-koji miso was very high and decomposed the -1,4-D-glucosidic linkages of amylose in the outer layer of the starch molecules.
Protein content
Protein is the second most abundant constituent of milled rice next to starch. The amount of protein affects the physical properties of rice: the higher the protein content, the harder and less sticky the rice becomes upon cooking.
31) The protein contents of milled rice of EM145 (7.37%) and EM72 (8.43%) were both high. Those of EM10 (6.57%), EM189 (6.23%), EM174 (6.43%), and EM129 (6.10%) were intermediate, whereas the protein content of Koshihikari (5.57%) and Hokurikukona243go (5.13%) were lower. After soaking in the miso suspension, the protein content of Koshihikari was 6.10%, of Hokurikukona243go was 5.80%, and of EM10 was 7.30% (Table 3) .
The protein content of the rice grains was therefore increased by soaking in the miso suspension, being markedly increased in the case of EM10. This would been due to EM10 being chalky rice and absorbing more of the miso suspension than the other two cultivars.
It is well known that rice with a high protein content shows inferior palatability.
11) Although miso-soaking increased the protein content of the rice grains, they had lower toughness than the cooked rice grains soaked in water. The reason for this would be that the decomposition of starch by -amylase overcame the effect of the increased proteins by miso soaking.
Measurement of the dietary fiber
Dietary fiber was not substantially detected in the milled rice sample of Koshihikari (0.43 g/100 g), with Hokurikukona243go (0.65 g/100 g) having an intermediate content and EM10 (4.50 g/100 g) the highest value. In the case of the dietary fiber content of MRSM, Koshihikari (0.58 g/100 g) and Hokurikukona243go (1.01 g/100 g) had higher contents, and EM10 (4.39 g/ 100 g) had almost the same content as the milled rice without soaking in the miso-suspension (Table 3) . These results show that the ae mutant cultivars had very high -amylase activity, with EM10, in particular having the highest activity. The starch of EM10 was, to some extent, decomposed by itself during the 5 h soaking time. Nevertheless, EM10 had a markedly higher residual amount of dietary fiber than the other milled rice grains. According to Standard Tables of Food Composition in 2010, the dietary fiber content of barleykoji miso was 6.3 g/100 g.
Measurement of the isoflavone content
The isoflavone content of milled rice, after soaking in the 5% barley-koji miso suspension for 5 h, for Koshihikari was 1.59 mg/100 g, and for Hokurikukona243go was 1.74 mg/100 g, both being high, while that of EM10 (1.97 mg/100 g) was the highest, as shown in Table 3 . It was therefore possible to produce bio-functional rice flour by soaking in the 5% barley-koji miso suspension. The average soy isoflavone aglycone content in various types of miso was 49.7 mg/ 100 g, with the maximum intake of the isoflavone aglycone in a day being reported to be 70-75 mg. 32) Maekawa et al. have investigated the difference in the contents of aglycones and glucosides in commercial soybean food products, and reported that the hightest aglycones content in soybean food products was found in soybean-koji miso being 2-5-fold the aglycone content of soybean.
32)

Measurement of calories
The calorie content of milled rice after soaking in the 5% barley-koji miso suspension for 5 h was 349.0 kcal/100 g for Koshihikari, 351.0 kcal/100 g for Hokurikukona243go, and 336.0 kcal/100 g for EM10 ( Table 3 ). The EM10 ae mutant rice would therefore be the most promising as a material for functional products to prevent obesity and diabetes among the three rice cultivars soaked in the miso suspension.
SDS PAGE
The proteins bands from raw milled rice and cooked milled rice after soaking in the 5% barley-koji miso suspension for 5 h are shown in Fig. 2A and B. Izumi et al. have reported that 26 kDa globulin and 14-16 kDa allergens in the grains were decreased to 15-60% during incubation with the miso solution at 37 C for 30-120 min. 33) Figure 2 shows that the 21-23 kDa glutelin proteins were decomposed by proteolytic enzymes in the barley-koji miso suspension. Glutelin has been reported to be a major protein in rice grains to affect quality and nutrition. 34) Pasting properties of the rice flour samples Among the various types of milled rice flour, Table 4 shows that the ae mutants had a much higher pasting temperature than the high-quality Koshihikari rice cultivar. Except for Hokurikukona243go, the ae mutants showed a very low maximum viscosity and breakdown, and a high final viscosity and consistency values (final viscosity-minimum viscosity) when compared with high-quality Koshihikari rice cultivar. Table 4 shows that among the ae mutants, milled rice flour after soaking in the 5% barley-koji miso suspension for 5 h Correlation is significant at 5% by the method of Tukey. Same letter means not significantly different (p < 0:05).
had lower maximum viscosity (18%-94%), final viscosity (20%-97%), and consistency (18%-89%) than raw milled rice flour. EM10, in particular, showed markedly decreased values after soaking in the barleykoji miso suspension. These results indicate that the decrease in maximum viscosity was positively correlated with the decrease in minimum viscosity (r ¼ À0:82) and breakdown viscosity (r ¼ 0:82) at the probability level of 5%, and with the final viscosity (r ¼ 0:86) and consistency (r ¼ 0:92) at the probability level of 1%. Moreover, after soaking in the 5% barleykoji miso suspension for 5 h, milled rice flour had a 1.0-1.2-fold higher pasting temperature than raw milled rice flour. We therefore, believe that the -amylase activity of barley-koji miso decomposed the -1,4-D-glucosidic linkages in the outer layer of the starch molecules. The pasting properties have been reported to influence the eating quality of rice. 25) Breakdown indicates the ease with which the starch granules disintegrated. 35) Highamylose rice cultivars reportedly had a higher final viscosity than low-amylose cultivars, the final viscosity being related to the degree of starch retrogradation upon cooling. 36) Among the ae mutants, the final viscosity of milled rice flour after soaking in the barley-koji miso suspension was lower than that of milled rice flour when soaked in water. Although the pasting properties, degree of gelatinization and retrogradation are affected by such factors as the cultivar, amylose content, chain-length distribution of amylopectin, amylase activity, and storage conditions, our results indicate that soaking the rice flour in barley-koji miso prevented starch retrogradation. MRSM; Milled rice after soaking in 5% barley-koji miso suspension for 5 h. 1: EM10 milled rice; 2: EM10 MRSM; 3: Hokurikukona243go milled rice; 4: Hokurikukona243go MRSM; 5: Koshihikari milled rice; 6: Koshihikari MRSM Physical properties of the cooked rice grains Table 5 shows the physical properties of the cooked rice grains by the low-compression (25%) and highcompression (90%) methods 21) with the Tensipresser. There are differences in the H1, H2, ÀH1, ÀH2, L3, A1, A3, A4, A6, ''balance H1,'' ''balance H2,'' ''balance A1,'' and ''balance A2'' values between the boiled rice grains and boiled MRSM.
The values for balance H1, H2, A1, and A2 (the ratio of stickiness/hardness) are important indices in evaluating the palatability of rice in Japan. 22) As the ae mutants had fewer branched-short glucans, whose DP was less than 17, and more long chains in the amylopectin of the starch, their starch granules were resistant to gelatinization and their boiled rice grains were non-sticky and brittle. We therefore consider that the decrease in hardness and increase in stickiness were derived from the structure of the chalky starch granule itself, because chalky starch granules have been shown to have a higher moisture absorption index than non-chalky whole rice grains in the case of the same cultivar; 30) in addition, the -amylase activity of barley-koji miso was very high and decomposed the -1,4-D-glucosidic linkages of the outer layer of the starch molecules. The chalkiness of the ae mutant rice grain is associated with loosely packed starch granules, and the presence of air spaces between the granules would contribute to the chalkiness of the raw rice endosperm, the brittleness, and the decreased hardness of the rice grains after cooking, 37) as Kitadume et al. 30) have pointed out for the chalky rice grains of ordinary Japonica rice. When soaked in the 5% barleykoji miso suspension for 5 h, cooked rice showed reduced hardness and increased stickiness, balance H1, balance H2, and balance A1 than that soaked in water. Glucose content Table 6 shows that cooked rice of the EM10 (0.22 g/L), EM189 (0.21 g/L), EM72 (0.24 g/L), EM129 (0.25 g/L), and EM174 (0.23 g/L) samples had a high glucose content, particularly, EM145 (0.32 g/L), which was the highest, whereas Koshihikari (0.08 g/L) and Hokurikukona243go (0.09 g/L) had a very low glucose content. Among the ae mutants, the glucose content of cooked rice was increased 5.3-18.8-fold by soaking in the 5% barley-koji miso suspension for 5 h, and that of Koshihikari was markedly increased 20.5-fold by soaking in the barley miso suspension.
-Amylase and -glucosidase decompose starch and generate glucose during the early stage of cooking. We believe that the increase in glucose content was derived from the barley-koji miso suspension, because theamylase activity of barley-koji miso was very high and decomposed the -1,4-D-glucosidic linkages in the starch molecules. Table 6 shows that cooked rice of the EM10 (8.46 mg/ 100 g) and EM145 types (8.40 mg/100 g) had high L-glutamic acid contents, Hokurikukona243go (6.50 mg/ 100 g), EM72 (6.16 mg/100 g), and EM129 (6.44 mg/ 100 g) had intermediate contents, and EM189 (4.48 mg/ 100 g) and EM174 (4.87 mg/100 g) had low contents, Koshihikari, in particular, having the lowest content (2.86 mg/100 g). Among the L-glutamic acid contents of cooked MRSM, EM145 (31.30 mg/100 g) had a very high value, EM10 (24.58 mg/100 g) had a high value, EM189 (23.46 mg/100 g), EM72 (23.24 mg/100 g), EM129 (22.62 mg/100 g), and EM174 (22.40 mg/ 100 g) had intermediate values and Hokurikukona243go (18.26 mg/100 g) and Koshihikari (19.94 mg/100 g) had low values. The L-glutamic acid content of cooked ae mutant rice was increased 2.8-5.2-fold by soaking in the 5% barley-koji miso suspension for 5 h, with Koshihikari in particular having the highest increase in L-glutamic acid of 7.0-fold (Table 6 ). Fujinami et al. have reported that the free amino acid content of miso was affected by the maturation period and melanoidin (a brown and polymeric pigment) content. 38) Glutamic acid is one of the most important free amino acids and is found in the highest proportions in various types of miso. We believe that the increase in glutamic acid derived from the barley-koji miso suspension, was due various types of miso containing numerous glutamic acids.
L-Glutamic acid
Resistant starch
Yang et al. have reported that the starch properties of mutant rice was rich in resistant starch. 1) Cooked ae mutant rice grains had a markedly higher proportion of resistant starches than the other cooked rice samples (Table 6 ). Cooked rice of the EM10 (10.51%), EM189 (9.23%), EM72 (9.63%), EM129 (7.84%), and EM174 (10.54%) samples had a high resistant starch content, EM145 in particular (11.33%), having the highest content, whereas Koshihikari (0.21%) had a very low content and Hokurikukona243go (2.93%) had an intermediate content. Among many of the ae mutants (EM10, EM189, EM129, EM174, and EM145), the resistant starch content of cooked rice was decreased 0.86-0.99-fold by soaking in the 5% barley-koji miso suspension for 5 h, Koshihikari was markedly decreased (0.57-fold) by soaking in the barley-koji miso suspension, and Hokurikukona243go and EM72 were slightly increased (1.19-fold and 1.05-fold, respectively). Ae mutants lack starch branching enzyme IIb, 6) so their amylopectin molecules have more long-chain glucans. Ordinary Koshihikari had few long-chain glucans. As Nishi et al. have pointed out, the pasting temperature of ae mutant rice was higher than that of ordinary rice. It appears that a high pasting temperature leads to a high proportion of resistant starch.
6) The resistant starch content of cooked rice after soaking in barley-koji miso was lower than that of rice that had been boiled after soaking in water. Nevertheless, EM10 had a markedly higher amount of resistant starch than the other cooked rice grains. EM10, in particular, had the lowest calorie content even after cooking, due to the high amount of resistant starch. Table 6 shows the polyphenol contents of boiled rice of the EM10 (10.81 mg/100 g), Hokurikukona243go (10.66 mg/100 g), EM189 (10.51 mg/100 g), EM72 (10.51 mg/100 g), EM129 (10.36 mg/100 g), EM174 (10.66 mg/100 g), and Koshihikari (10.61 mg/100 g) were similar, whereas that of EM145 (11.01 mg/100 g) was slightly higher. Among the ae mutants, the polyphenol content of boiled rice was increased 1.61-1.97-fold by soaking in the 5% barley-koji miso suspension for 5 h, and that of Koshihikari was increased 1.51-fold. Table 6 shows that boiled rice of the EM10 (7.37 mg/ 100 g) and EM145 types (8.36 mg/100 g) had high DPPH radical scavenging capacity, Koshihikari (6.49 mg/100 g) and Hokurikukona243go (6.24 mg/ 100 g) had intermediate capacity, and EM72 (5.19 mg/ 100 g), EM129 (5.36 mg/100 g) and EM174 (5.13 mg/ 100 g) had low capacity, EM189 in particular, having the lowest capacity (4.52 mg/100 g). Among the ae mutants, the DPPH radical scavenging capacity of boiled rice was increased 1.03-1.42-fold by soaking in the 5% barley-koji miso suspension for 5 h, and that of Koshihikari was increased 1.14-fold.
Polyphenol content
DPPH radical scavenging capacity
Correlation among the various physicochemical properties
The significant correlation between the physicochemical properties and pasting properties of MRSM is shown in Table 7 . Apparent amylose contents was positively correlated with the resistant starch (r ¼ 0:97) and surface hardness (H1; r ¼ 0:89) at the probability level of 1%, and with the setback (r ¼ 0:73) and glucose content (r ¼ 0:83) at the probability level of 5%. There was negative correlation between the apparent amylose content and the moisture absorption index (MAI; r ¼ À0:91), overall stickiness (ÀH2; r ¼ À0:87), balance H2 (r ¼ À0:86), balance A1 (r ¼ À0:85), balance A2 (r ¼ À0:79), maximum viscosity (r ¼ À0:80), breakdown (r ¼ À0:90), and -amylase activity ratio (the ratio of the -amylase activity of milled rice after soaking in the 5% barley miso suspension for 5 h to the -amylase activity of milled rice grains; r ¼ À0:87) at the probability level of 1%, and balance H1 (r ¼ À0:80) at the probability level of 5%. Rice with a high amylose content generally had a higher final viscosity than rice with a low amylose content, the final viscosity being related to the degree of starch retrogradation upon cooling. 39) Among these properties of the ae mutants, the final viscosity and pasting temperature were not significantly correlated with the amylose content, because the -amylase activity of barley miso was very high and decomposed the -1,4-D-glucosidic linkages in the outer layer of the starch molecules. The -amylase activity ratio showed a significant positive correlation with the moisture absorption index (MAI; r ¼ 0:98), surface stickiness (ÀH1; r ¼ 0:91), overall stickiness (ÀH2; r ¼ 0:98), balance H1 (r ¼ 0:99), balance H2 (r ¼ 0:99), balance A1 (r ¼ 0:99), balance A2 (r ¼ 0:97), and breakdown (r ¼ 0:90) at the probability level of 1%, and negative correlation with the surface hardness (H1; r ¼ À0:71) at the probability level of 5%, and with setback (r ¼ À0:88) at the probability level of 1%. It appears that the -amylase activity ratio reflected the degree of absorption of the miso suspension.
EM10 is unsuitable as table rice, because of its low palatability due to its hard texture and high content of resistant starch. However, MRSM showed lower hardness (H1 and H2) and higher stickiness (ÀH1 and ÀH2) than rice soaked in water. As a result, the -amylase activity ratio showed a significantly high positive correlation with the stickiness and balance degree (the ratio of stickiness to hardness). Moreover, the -amylase activity ratio showed a significantly negative correlation with the glucose content (r ¼ À0:93) and resistant starch (r ¼ À0:87). In conclusion, among the ae mutants, the characteristic chain length of amylopectin markedly affected the physical and pasting properties and the chemical components.
Conclusions
MRSM was prepared by soaking in a 5% barley-koji miso suspension for 5 h at room temperature, which increased the -amylase activity, and cooked MRSM showed higher glucose, glutamic acid, and polyphenol contents than cooked rice soaked in water. Cooked MRSM had lower hardness (H1 and H2) and higher stickiness (ÀH1 and ÀH2) than cooked rice soaked in water. It was possible to enrich the rice by soaking it in the 5% barley-koji miso suspension with such biofunctional components, as isoflavone and dietary fiber. The final viscosity of MRSM flour was lower than that of rice soaked in water. The results suggest that retrogradation of the starch in MRSM flour had been prevented. Boiled MRSM displayed a further effect of decreasing the resistant starch content of cooked rice soaked in water by approximately 85%, in the case of EM10. Nevertheless, MRSM, made from EM10 maintained a higher amount resistant starch, even after cooking. It was found possible to produce palatable and bio-functional rice by soaking milled rice of the EM10 type in barley-koji miso.
